geomagnetic index data.
115
This paper adds to previous secular ion temperature studies with a new analysis of 116 high latitude ionospheric climatology emphasizing long-term trends as observed by sev-117 eral ISRs. In particular, we employ data from Sondrestrom (67.0 • N, 309. 
Sondrestrom and Chatanika/Poker Flat ISR data
The Sondrestrom ISR was originally located at Chatanika, Alaska but was moved to
156
Greenland in 1983 and has subsequently been taking regular observations. Continuous 157 data are available in the Madrigal/CEDAR database beginning in 1990, and therefore data 158 used in this study span 26 years . Sondrestrom statistical data distribution shows the number of data points in log units as a function of year and UT. On average, the 161 hourly data number is ∼4000/year. The mid-panel (b) shows the number of data points 162 as a function of year and month. On average, the monthly data number is ∼8000/year.
163
The bottom panel (c) shows the number of data points as a function of month and hour.
164
On average, for a given month and hour, there are ∼10,000 data points. These monthly 165 and hourly data are further grouped into 12 height ranges, to allow determination of long-
166
term trends for each of the month-hour-altitude bin. These 12 altitude bins center at 110, 167 130, 150, 170, 190, 225, 275, 325, 375, 425, 475, and 525 km, respectively. In aggregate, 168 therefore, there are on average ∼800 data points involved in determining the trend for 169 each month-hour-altitude bin.
ments. Available data from PFISR for this study spans approximately 9 years since 2007.
175
Therefore at the Chatanika/Poker Flat site, 17 year's worth of data in aggregate were 176 used representing a 40-year span of time. We note that the trend information derived by 177 this analysis is governed largely by the data at the critically important beginning and end over-sampling, and short-term correlation over hours or days.
188
The resulting processed results for T i at Sondrestrom are shown in Figure 3 , where each Figure 3 189 data point is a monthly median for a particular time and altitude bin. From the full 190 results, the figure shows T i trends at local noon ± 3 hr data for 7 representative altitude 191 bins. The corresponding F107 and Ap indices are also included. To minimize effects dependence and long-term trend using the equation
[a n sin(2πnd/365) + b n cos(2πnd/365)]
where y is the floating-point year containing the day number of the year information as 
206
This bin-fit modeling approach or its variant has been extensively used previously in
207
ISR-based climatology and long-term trend studies [Zhang et al., 2005b [Zhang et al., , 2007 Holt and 208 Zhang, 2008; Donaldson et al., 2010; Oliver et al., 2013] . The solar activity F107 depen- Balan et al., 1994; Lei et al, 2005; Liu et al, 2011] . However, the magnetic activity 
Ionospheric ion temperature climatology
The regression procedure applied to each month-hour-altitude bin yields coefficients as 
where all the terms are from the regression procedure except for Ti 236 which corresponds to the observation. Similarly the F107 solar flux residual is defined as
[a n sin(2πnd/365) + b n cos(2πnd/365)] − (Ap − Ap). and trend variability will be examined more closely in later sections.
251
The F107 
Chatanika/Poker Flat
Similar data processing was applied in our study to Chatanika/Poker Flat data and 277 results are shown in Figure 6 . The results indicate strong T i dependence on F10.7 and Figure 6 278 Ap, in a manner generally similar to the Sondrestrom results. Taken as a whole, we note 279 that, despite data gaps, trend results from Chatanika/Poker Flat have significant and 280 reliable information on upper atmospheric long-term change.
281
The slope δT i /δf 107 is small at low altitudes and large at high altitudes, and slope 
Trend Analysis
We focus in this section on T i trends derived from regression residuals for each altitude 301 bin, further processed as a fit to a linear trend line as described in the previous section.
302
We present altitude profiles of the trends and discuss how the profiles change from the 303 dayside to the nightside, from solar minimum to solar maximum, and from summer to 304 winter. 
Day-night differences and diurnal variations
The long-term trend in T i shows consistent cooling for both dayside and nightside, but 319 day-night differences are large (Figure 7 ). At Sondrestrom, F-region cooling (>200 km) 320 is strong during the day, and weaker at night. For instance, the trend at 275 km is ∼- Similar analysis of Ap magnetic activity dependence of the trends (Figure 11) show Figure 11 361 that for very quiet magnetic conditions (Ap<10), the cooling trend is stronger than that 362 for modest to quiet magnetic activity (Ap∼15 by Roble and Dickinson [1989] , and these unmodeled changes could affect the ISR T i 
Main differences in secular temperature trends between sites
We find the following differences in ion temperature secular trends between sites: 430 1. Large differences exist in the magnitudes of the trends in the topside ionosphere.
431
While between 200 -275 km the trends are very similar as noted earlier, at higher altitudes 432 cooling is strongest at the highest magnetic latitude (Sondrestrom), lowest at mid latitudes
433
(Millstone Hill), and therefore well organized as a function of magnetic latitude. 
474
We first tested the dependency of T i on IMF Bz using the same approach as used
475
for Ap (δT i /δAp in Figure 5 ) except that data is further divided into Bz+ (positive, 476 northward) and Bz -(negative, southward) groups. Figure 13 shows δT i /δBz for both were well preserved. In general, however, at the two high latitude sites, trend magnitudes 500 for Bz-were larger than those for Bz+. 
505
The high latitude long-term trend results were compared to those from the Millstone Hill 506 mid-latitude dataset . Some consistent features for the derived T i trends were 507 identified along with other important characteristics. These can be summarized as follows: 
